Background: To compare definitive radiochemotherapy with weekly administration of 30-40 mg/m 2 of cisplatin to 100 mg/m 2 of cisplatin on days 1, 22 and 43 for outcomes and toxicity in patients with squamous cell carcinoma of the head-and-neck. Methods: Seventy-five patients receiving radiochemotherapy with weekly cisplatin (30-40 mg/m 2 ) were compared to 58 patients receiving radiochemotherapy with 100 mg/m 2 cisplatin on days 1, 22 and 43. Radiochemotherapy regimen plus seven characteristics (age, gender, performance score, tumor site, T-/N-category, histologic grading) were evaluated for locoregional control (LRC), metastases-free survival (MFS) and overall survival (OS). Radiochemotherapy groups were compared for toxicity. Results: On multivariate analysis, improved LRC was associated with cisplatin 100 mg/m 2 (hazard ratio [HR] 1.57; p = 0. 008) and female gender (HR 4.37; p = 0.003). Radiochemotherapy regimen was not significantly associated with MFS on univariate analysis (p = 0.66). On multivariate analysis, better MFS was associated with ECOG performance score 0-1 (HR 5.63; p < 0.001) and histological grade 1-2 (HR 1.81; p = 0.002). On multivariate analysis, improved OS was associated with cisplatin 100 mg/m 2 (HR 1.33; p = 0.023), ECOG performance score 0-1 (HR 2.15; p = 0.029) and female gender (HR 1.98; p = 0.026). Cisplatin 100 mg/m 2 was associated with higher rates of grade ≥3 hematotoxicity (p = 0.004), grade ≥2 renal failure (p = 0.004) and pneumonia/sepsis (p = 0.033). Conclusions: Radiochemotherapy with 100 mg/m 2 of cisplatin every 3 weeks resulted in better LRC and OS than weekly doses of 30-40 mg/m
Background
Many patients with locally advanced squamous cell carcinoma of the head-and-neck (SCCHN) are not candidates for surgical resection and receive definitive radiotherapy. After randomized trials had demonstrated that radiochemotherapy was superior to radiotherapy alone for definitive treatment of SCCHN, radiochemotherapy became the standard treatment for these patients [1] [2] [3] . According to a large meta-analysis, concurrent administration of radiochemotherapy resulted in significantly better outcomes than sequential approaches [4] . This meta-analysis included patients who received radiochemotherapy with cisplatin alone or various poly-chemotherapy regimens, including combined cisplatin-based regimens, but did not show significantly superiority of a particular regimen. Thus, the most appropriate chemotherapy given concurrently with radiation therapy for locally advanced SCCHN requires further clarification.
In two randomized trials comparing radiochemotherapy and radiotherapy alone after surgery for SCCHN in patients with risk factors, radiochemotherapy with 100 mg/m 2 of concurrent cisplatin given on days 1, 22 and 43 was significantly superior to radiotherapy alone with respect to treatment outcomes [5, 6] . In definitive radiotherapy setting, the same cisplatin regimen was also tested in phase III randomized fashion [7, 8] . Guided by these trials, radiochemotherapy with three courses 100 mg/m 2 of cisplatin became the preferred regimen for both definitive and postoperative in many institutions. However, other centers are concerned about this regimen, since it was reported to be very toxic [9] . Therefore, other cisplatin-regimens have been introduced to the radiochemotherapy of SCCHN. One of these alternative regimens is weekly administration of 30-40 mg/m 2 of cisplatin. In 2008, a retrospective study showed that weekly administration of 33-40 mg/m 2 of cisplatin was better tolerated than 80-100 mg/m 2 of cisplatin given every 3 weeks [10] .
Three retrospective studies and one randomized study of 50 eligible patients had compared higher-dose cisplatin (100 mg/m 2 on days 1, 22 and 43) to weekly administration of 30 or 40 mg/m 2 of cisplatin for nonnasopharyngeal SCCHN [11] [12] [13] [14] . However, these studies produced inconsistent results with respect to treatment outcomes. One retrospective study suggested that 100 mg/m 2 of cisplatin resulted in better overall survival (OS) and similar progression-free survival (PFS) compared to weekly cisplatin [11] . In another retrospective study of patients receiving definitive (30 %) or adjuvant (70 %) radiochemotherapy, 100 mg/m 2 of cisplatin resulted in significantly better PFS and OS on univariate analyses but not on multivariate analyses [12] . In the other two studies, outcomes were not significantly different with 100 mg/m 2 of cisplatin given every 3 weeks or weekly administration of cisplatin [13, 14] . Of the latter two studies, the small prospective trial was limited to patients with cancer of the oral cavity, and the retrospective study was performed in patients receiving postoperative radiochemotherapy (N = 104). Taking into account the available data from the literature, it becomes obvious that more studies comparing 100 mg/m 2 of cisplatin every 3 weeks to weekly administration of 30 or 40 mg/m 2 are required, particularly in patients receiving definitive radiochemotherapy for SCCHN. Therefore, the present study included only SCCHN patients receiving definitive radiochemotherapy. It aimed to contribute to the question whether weekly cisplatin is a reasonable and less toxic alternative to 100 mg/m 2 of cisplatin given every 3 weeks.
Methods
A total of 133 patients treated with definitive radiochemotherapy for histologically confirmed locally advanced unresectable SCCHN between 2003 and 2014 were included in this retrospective study, which was approved by the local ethics committee (University of Lübeck). Seventy-five patients had received weekly cisplatin doses of 30-40 mg/m 2 and were compared to 58 patients treated with 100 mg/m 2 of cisplatin given on days 1, 22 and 43. Patients receiving Cisplatin weekly were mainly from Ljubljana, and those receiving100 mg/m2 of cisplatin on days 1, 22 and 43 were mainly from Northern Germany. Chemotherapy regimens were selected according to interdisciplinary treatment protocols preferred at the contributing institutions at the time the patients were treated. Both groups were not significantly different regarding the distribution of patient characteristics including age, gender, Eastern Cooperative Oncology Group (ECOG) performance score, primary tumor site, T-category, N-category, histologic grading and cumulative cisplatin dose ( Table 1) . Cancer of the oral cavity was also included in this study although response to radiochemotherapy is often not satisfactory for these tumors, since it represents a common site of SCCHN. The proportion of patients with cancer of the oral cavity was similar in both groups (11 versus 12 %, Table 1 ).
Definitive radiotherapy was performed with 6-10 MV photon beams from a linear accelerator as threedimensional conformal radiotherapy after computed tomography-based treatment planning. Patients treated with intensity modulated radiotherapy (IMRT) and volumetric modulated arc therapy (VMAT) were not included. The planned total radiation dose administered to the primary tumor and the involved lymph nodes was 70 Gy given in 2-Gy fractions on 5 days per week (conventional fractionation). Total doses to lymph nodes were 50-60 Gy. Concurrent cisplatin was given as bolus infusion of 30-40 mg/m 2 once a week or as bolus infusion of 100 mg/m 2 on days 1, 22 and 43. All patients received prophylactic hydration and antiemetic agents and were monitored for potential toxicity (clinical examination, blood samples) at least weekly. The radiochemotherapy regimen and eight additional characteristics (Table 1) were evaluated with respect to LRC, MFS and OS. The HPV-status was available only in a few patients and, therefore, not analyzed. Radiochemotherapy regimens were additionally compared for acute and late adverse events (Common Terminology Criteria of Adverse Events (CTCAE) version 4.0) [15] . The follow-up schedule included visits every 3 months for 2 years, every 6 months during the third year, and every 12 months thereafter. Additional visits were performed when toxicity-related symptoms occurred or progressive disease was suspected.
LRC, MFS and OS were referenced form the last day of radiotherapy and calculated with the Kaplan-Meiermethod [16] . The corresponding Kaplan-Meier curves were compared using the log-rank test. Those characteristics found to be significant (p < 0.006 after Bonferroni correction for multiple tests representing an alpha level of 0.05) or showed a trend (p < 0.055) on univariate analyses were subsequently analyzed in a multivariate manner with the Cox proportional hazards model. In the multivariate analyses, p-values of <0.05 were considered significant. For comparisons of the radiochemotherapy groups for acute and late adverse events, the Chi-square test was used.
Results
Median follow up times were 21 months (range: 0-80 months) in the entire cohort and 38 months (range: 4-80 months) in those patients being alive at their last follow up visit.
On univariate analyses, cisplatin 100 mg/m 2 ( Fig. 1 , p = 0.010), female gender (p = 0.010) and favorable (oropharynx or larynx) primary tumor site (p = 0.047) showed a trend towards improved LRC (Table 2 ). In the multivariate analysis of LRC, radiochemotherapy regimen (p = 0.008) and gender (p = 0.003) were significant, whereas primary tumor site (p = 0.16) did not achieve significance (Table 5 ).
In the entire cohort, MFS rates at 1 and 3 years were 86 and 71 %, respectively. On univariate analysis, improved MFS was associated with ECOG performance score 0-1 (p < 0.001), favorable (oropharynx or larynx) primary tumor site (p = 0.002), N-category 0-2a (p = 0.001) and histological grade 1-2 (p = 0.003) ( Table 3 ). The radiochemotherapy regimen was not significantly associated with MFS (p = 0.66). On multivariate analysis of MFS, ECOG performance score (p < 0.001) and histological grading (p = 0.002) achieved significance, whereas N-category (p = 0.09) and primary tumor site (p = 0.30) were not significant (Table 5 ).
In the entire cohort, median survival time was 39 months, and the OS rates at 1 and 3 years were 76 and 51 %, respectively. In the univariate analyses, better OS was significantly associated with favorable (oropharynx or larynx) primary tumor site (p < 0.001). Cisplatin 100 mg/m 2 ( Fig. 1 , p = 0.024), ECOG performance score 0-1 (p = 0.006) and female gender showed a trend (p = 0.050) ( Table 4) . On multivariate analysis of OS, radiochemotherapy regimen (p = 0.023), ECOG performance score (p = 0.029) and gender (p = 0.026) achieved significance, whereas primary tumor site (p = 0.32) did not ( Table 5 ).
The comparison of both radiotherapy groups for acute and late adverse events revealed that 100 mg/m 2 of cisplatin was associated with significantly higher rates of grade ≥3 hematotoxicity (p = 0.004), grade ≥2 renal failure (p = 0.004), and pneumonia/sepsis showed a trend (p = 0.033) ( Table 6 ). The rates of grade ≥2 oral mucositis (p = 0.95), grade ≥2 skin toxicity (p = 0.25), grade ≥2 
Discussion
Definitive radiochemotherapy is one of the most common treatment approaches for locally advanced SCCHN. In order to achieve the best possible outcomes, irradiation and chemotherapy should be administered concurrently [4] . The most important agent for definitive radiochemotherapy of SCCHN is cisplatin either given alone or as part of combined chemotherapy regimens. The most commonly used of these regimens worldwide is 100 mg/m 2 of cisplatin alone given every 3 weeks, i.e. on days 1, 22 and 43. This regimen can be associated with high rates of severe adverse events [9] . Therefore, alternative cisplatin regimens became relatively popular for radiochemotherapy of SCCHN, such as two courses of 20 mg/m 2 cisplatin on five consecutive days or weekly administration of 30-40 mg/m 2 [10-14, 17, 18] . The latter regimen is particularly used for patients who do not wish to stay in hospital during chemotherapy.
It is not yet clear whether weekly administration of 30-40 mg/m 2 cisplatin is as effective as the "standard" regimen 100 mg/m 2 of cisplatin given every 3 weeks. The available studies performed in patients with nonnasopharyngeal SCCHN produced inconsistent results. In a retrospective study of 94 patients, 100 mg/m 2 of cisplatin resulted in better OS (p = 0.041) and similar PFS (p = 0.47) [11] . However, patients in the cisplatin-weekly group were significantly older (p = 0.001), which likely have introduced a bias. A more recent retrospective study suggested that 100 mg/m 2 cisplatin every 3 weeks resulted in better PFS and OS than weekly administration of 40 mg/m 2 cisplatin [12] . The 5-year PFS rates were 56 and 44 %, respectively, and the 5-year OS rates 62 and 53 %, respectively. Both differences achieved significance in the univariate analyses but not in the multivariate analyses. In that study, 30 % of patients received definitive radiochemotherapy and 70 % radiochemotherapy following surgery or induction chemotherapy. The heterogeneity of treatment regimens may have confounded the results. Another retrospective study compared 100 mg/m 2 cisplatin every 3 weeks to weekly administration of 30 mg/m 2 cisplatin in a more homogeneously treated cohort of patients, who all received radiochemotherapy following surgery [13] . Three-year LRC rates were 71 and 74 %, respectively (p = 0.95), and 3-year OS rates 84 and 75 %, respectively (p = 0.30). In addition to these retrospective studies, one randomized trial was performed that compared 100 mg/m 2 cisplatin every 3 weeks to 40 mg/m 2 cisplatin weekly [14] . The 1-year LRC rates were 71 and 60 %, respectively (p = 0.81), and 1-year OS rates were 79 and 72 %, respectively (p = 0.98). The sample size of 50 eligible patients was too small to achieve an adequate statistical power. Furthermore, the trial was limited to patients with cancer of the oral cavity and may not be generalized to other sites of SCCHN. Thus, more studies comparing 30-40 mg/m 2 weekly to 100 mg/m 2 given every 3 weeks for radiochemotherapy of SCCHN would be helpful, ideally in form of a randomized trial with an adequate statistical power. However, such a trial will likely be difficult to perform, since most centers wish to keep on using their preferred radiochemotherapy regimen. Therefore, the present retrospective study was initiated to provide additional information to answer this important question. It included only patients, who had received definitive radiochemotherapy, to avoid a potential selection bias caused by different types of treatment. However, when interpreting the results of this study one has to keep in mind that this study is retrospective in nature. Retrospective studies always bear the risk of including hidden selection biases.
There could have been different proportions of HPVpositive tumors in both radiochemotherapy groups. The HPV-status was not available in most patients and, therefore, not included in the analyses. In previous reports from Slovenia and Northern Germany, 20 and 15 % respectively of oropharynx cancers were HPV-positive [19, 20] . Further limitations of this study included the facts that the radiochemotherapy groups were not compared for treating institution, that patients receiving IMRT or VMAT were not included and that both radiochemotherapy groups were [10] . In contrast, Tsan et al. observed a higher rate of grade ≥3 oral mucositis (75 versus 39 %, p = 0.012) and a higher rate of grade ≥3 overall toxicity (92 versus 81 %, p = 0.02) in the 40 mg/m 2 cisplatin-weekly group [14] . In the study of Espeli et al., 100 mg/m 2 cisplatin resulted in more renal failures (p = 0.04) [11] . In the largest study so far (Fayette et al.), 100 mg/m 2 cisplatin was associated with significantly more adverse events than weekly administration of 40 mg/m 2 cisplatin [12] . The rates of grade 3/4 mucositis were 34 and 12 %, respectively (p < 0.001), and the rates of grade 3/4 dermatitis were 7 and 1 %, respectively (p = 0.014). Decrease of creatinine clearance was also more pronounced in the 100 mg/m 2 cisplatin group (p < 0.001). Also in the present study, some of the acute adverse events were significantly more frequent in the 100 mg/m 2 cisplatin group (Table 5 ). These findings demonstrate that patients receiving definitive radiochemotherapy with 100 mg/m 2 cisplatin on days 1, 22 and 42 require intensive monitoring (clinical examination, bone marrow function, renal function) and timely supportive care. If they are able to withstand this intensive radiochemotherapy regimen, they can benefit in terms of LRC and OS. I may be questioned why more patients treated with 100 mg/m 2 cisplatin received a cumulative dose >200 mg/m 2 than in the weekly cisplatin group, although 100 mg/m 2 cisplatin was associated with more acute toxicity? This finding can to a certain extent be explained by the reduced compliance of some patients. In the cisplatin weekly group, the weekly cisplatin dose was 30 mg/m 2 
Conclusions
Definitive radiochemotherapy with 100 mg/m 2 of cisplatin given on days 1, 22 and 43 resulted in better LRC and OS than weekly doses of 30-40 mg/m 2 . Thus, 100 mg/m 2 of cisplatin appears preferable for definitive radiochemotherapy of locally advanced SCCHN. However, one should be aware that the regimen including 100 mg/m 2 of cisplatin given every 3 weeks is associated with considerable acute toxicity. Patients receiving this regimen need close monitoring and timely supportive care.
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